Objective: To evaluate the influence of modest endotoxemia on postoperative antithrombin deficiency and cholestasis. Summary Background Data: It has not been determined whether endotoxin translocation in small amounts is a physiological phenomenon or whether it is a potential health hazard. Methods: Blood endotoxin, antithrombin III (ATIII), secretory immunoglobulin A (sIgA), which was selected as a marker of cholestasis, C-reactive protein (CRP), and ␣-1-antitrypsin (AAT) concentrations were measured from the 20 patients undergoing curative gastrectomy for gastric cancer preoperatively and postoperatively. Portal and systemic blood samples were taken for the analysis of endotoxin and interleukin-6 (IL-6) concentrations during surgery in these patients. Results: Although plasma endotoxin levels showed a significant increase during surgery, we did not find a correlation with ATIII, sIgA, CRP, and IL-6 levels. Systemic blood endotoxin levels during surgery correlated with a postoperative rise of serum AAT levels. Plasma ATIII levels transiently decreased on the first and third postoperative day, and sIgA levels were shown to increase on the seventh postoperative day. There was a weak relationship between the extent of postoperative endotoxemia and a reduction in ATIII concentrations.
T he gut, besides being the organ responsible for nutrient absorption, is also a metabolic and immunologic system, functioning as a barrier against living bacteria and endotoxin in the intestinal lumen. The passage of endotoxin, lipopolysaccharide constituting the outer membrane of Gram-negative bacteria, from the gastrointestinal tract through the epithelial mucosa is called endotoxin translocation. Serious endotoxin translocation is almost always accompanied by hepatic failure, intestinal gangrene, or pulmonary sepsis, and it is frequently followed by shock and death even if a septic focus is removed. 1 Major abdominal surgery is associated with lowgrade translocation of endotoxin. In fact, peak values of endotoxin ranging from 10 to 80 pg/mL have been observed during or shortly after operations. [2] [3] [4] [5] Higher levels (several hundreds pg/mL) of circulating endotoxin have also been demonstrated during cardiac surgery [6] [7] and lower values (approximately 10 pg/mL) shortly after surgery for malleolar fractures. 8 A correlation between endotoxin concentrations and an acute-phase protein response was shown in a recent study, 2 but another denied this relationship. 8 Others demonstrated the potential involvement of endotoxemia in a hemodynamic disturbance during cardiac surgery. 7, 9 Hence, little is known about the clinical relevance of modest endotoxemia.
Antithrombin III (ATIII), a member of a family of serine protease, is a natural anticoagulant that plays a pivotal role in coagulation and hemostasis by inhibiting thrombin and other coagulation factors. Hematological changes in the septic patients are characterized by the activation of clotting system with rapid consumption of anticoagulant proteins, such as ATIII, proteins C and S. 10 Decreased ATIII concentrations in plasma were also observed after elective major abdominal surgery. 11, 12 Although the pathophysiological mechanism responsible for a reduction in ATIII levels in septic and nonseptic surgical patients is probably multifactorial, the role of endotoxin in acquired ATIII deficiency is highly suggested. 13 Biliary secretory immunoglobulin A (sIgA), a prime effector of mucosal immunity, is derived from intrahepatic or extrahepatic biliary epithelium. The regurgitation of sIgA from bile into the circulation, perhaps by reversal in the normal pathway for secretion results in a rise of serum sIgA levels. It has been shown that circulating levels of sIgA appear as a sensitive marker for cholestasis both in patients with hepatobiliary disease and in patients with postoperative liver damage. 14, 15 Endotoxemia is a hepatic stress and this stress is often accompanied by some degree of cholestasis. 16 Therefore, we selected sIgA as a marker of cholestasis. The aim of this study was to evaluate the impact of modest endotoxemia induced by major abdominal surgery on the extent of acute-phase protein response and serum levels of ATIII and sIgA and to determine whether endotoxin translocation in small amounts is a physiological phenomenon or whether it is the potential health hazard.
PATIENTS AND METHODS
Twenty patients, 9 men and 11 women, with ages ranging from 39 to 75 years, were enrolled in this study. Informed consent was obtained from each patient in accordance with the Declaration of Helsinki and the regulations of our hospital. Each patient underwent curative distal gastrectomy for gastric cancer between October 1999 and May 2000. Curative resections were defined as those in which there was no residual macroscopic disease at the end of the operations. None of the patients had hepatic dysfunction, renal disease, pulmonary disorder, or other comorbid diseases.
Blood samples were obtained from each patient on the day before surgery to measure blood levels of endotoxin, ATIII, sIgA, C-reactive protein (CRP), and ␣-1-antitrypsin (AAT). During surgery but before the tumor was removed, portal venous blood samples were collected through a polyethylene catheter introduced into the portal vein through a right gastroepiploic or left gastric vein, and simultaneously systemic venous blood samples were taken for the measurement of endotoxin concentrations. All operations were performed under endotracheal general anesthesia not assisted by epidural blockade without blood transfusion. At the end of operation systemic venous blood samples were taken to measure interleukin-6 (IL-6) concentrations. On the first, third, and seventh postoperative day blood samples were collected for the estimation of endotoxin, ATIII, sIgA, CRP, and AAT concentrations. Blood was separated, immediately frozen, and stored until assay.
Plasma endotoxin levels were measured by using a chromogenic modification of limulus amebocyte lysate assay that is accepted as sensitive for small amounts of endotoxin. 17 The minimum sensitivity at this assay was 2 pg/mL for endotoxin. Antithrombin III levels were determined by a chromogenic substrate-based technique. A normal citrated reference plasma and normal pooled plasma were used as controls. Antithrombin III levels are reported as the percent of control. A sandwich-type enzyme-linked immunosorbent assay similar to that described by Nagano et al was used for quantitation of sIgA in serum. 18 The detection limit of sIgA concentration in this assay was 2.8 g/mL. Nephelometric assays were used to determine serum levels of CRP and AAT. Goat antiserum to human CRP and rabbit antiserum to AAT were purchased, and light scattering intensity was measured by a nephelometer analyzer. IL-6 concentrations were measured by commercially available enzyme-linked immunosorbent assay kits (SRL, Tokyo, Japan).
Data are presented as means Ϯ SD. Comparisons between preoperative and postoperative concentrations of endotoxin, ATIII, sIgA, CRP, and AAT were made by using the Wilcoxon matched pairs test. The Mann-Whitney U test was used to compare differences in endotoxin levels between the systemic and portal circulation. The correlations between endotoxin levels and ATIII, sIgA, CRP, and AAT values were tested by linear regression using standard formulas. P Ͻ 0.05 was considered significant.
RESULTS
The mean endotoxin concentration was 11.24 Ϯ 9.47 pg/mL before surgery, reached a peak of 43.45 Ϯ 27.07 pg/mL during surgery, and soon returned to the preoperative value ( Fig. 1 ). In 19 of 20 patients, there was an increase in the plasma endotoxin concentrations during surgery. No significant difference was found in concentrations of endotoxin between peripheral and portal blood (43.45 Ϯ 27.07 pg/mL vs. 38.36 Ϯ 17.14 pg/mL). Neither systemic nor portal blood levels of endotoxin during surgery correlated with ATIII, sIgA, CRP, and IL-6 levels in the early postoperative period, but a significant correlation was observed between intraoperative endotoxin concentrations of the systemic circulation and the subsequent rise of serum AAT levels (AAT levels on . Serum ATIII levels were significantly reduced soon after surgery, whereas sIgA concentrations did not change for 5 days after surgery and then were shown to rise on the seventh postoperative day (Fig. 3 ). There was no relationship between the postoperative endotoxin concentrations and circulating sIgA levels or other liver function tests, whereas a weak correlation was found between the extent of endotoxemia and postoperative ATIII deficiency (Fig. 4) . None of the patients did not have clinical signs of endotoxin shock during a study period. Minor complications, such as wound or urinary tract infections, occurred in 4 patients, but they were not associated with the extent of endotoxemia.
DISCUSSION
When the limulus lysate test did not detect titers of endotoxin below 1 ng/mL, it was believed that titers below this can evoke the signs of endotoxemia in humans because humans are far more vulnerable to endotoxemia than other species. 1 In the middle of 1980s, the deleterious effects of endotoxin translocation was redescribed and it was appreciated that many of the untoward responses observed in severely ill patients could be related to the chain of events initiated by the egress of endotoxin from a permeable gut. 19 Severe endotoxemia is undoubtedly associated with hemodynamic disturbance, respiratory distress, hepatorenal dysfunction, disseminated intravascular coagulation, and death, but it has not been determined whether low-or moderate-grade endotoxemia less than several hundreds pg per mL accompanied by a variety of diseases is an incidental phenomenon or whether it is a true pathology. [2] [3] [4] [5] [6] [7] 20 The present study demonstrated low-grade endotoxemia before, during, and after gastric cancer operation. Although a weak inverse correlation was found between endotoxin and ATIII concentrations in the early postoperative course, the effect of this endotoxemia on the coagulation and hemostasis system seems limited. Antithrombin III levels in plasma were reduced after distal gastrectomy, but levels of ATIII in our patients were consistently higher than those seen in critically ill patients with sepsis. 21, 22 Antithrombin III concentrations of less than 60-70% of the normal values could be related to severe endotoxemia and predict outcome. 10 Administration of IL-6, one of messengers of endotoxin, to baboons induced a profound acute-phase protein reaction with significant decreases of circulating ATIII levels. 23 As shown in this study, it is suspected that ATIII acts as a negative acute-phase protein.
Endotoxemia and the subsequent release of inflammatory cytokines induce the hepatic stress response, which is often accompanied by some degree of intrahepatic cholestasis. 16 For example, administration of moderate amounts of endotoxin decreased bile salt excretion by 86% and passive immunization with antitumor necrosis factor ␣ antibody blocked this endotoxin-associated cholestasis in rats. 24 It has been shown that endotoxin-induced cholestasis is mainly caused by rapid down-regulation of transporter proteins, such as mrp2, that are responsible for the excretion of multivalent anionic conjugates from hepatocyte into bile. 16 Elevated circulating sIgA levels have been shown to be markers of intrahepatic cholestasis. 14, 15 Although approximately one third of the patients experienced a transient mild liver damage (aspartate aminotransferase and/or alanine aminotransferase concentrations were between 50 u/L and 100 u/L) during the early postoperative period in the present study, serum sIgA levels did not change for 5 days after surgery. Thereafter, sIgA levels were significantly increased on the seventh post-operative day. No correlation of serum sIgA (and alkaline phosphatase) levels with endotoxin concentrations shown in this study suggests that translocation of endotoxin in minute amounts does not lead to clinical cholestasis and alternative mechanisms are involved in the pathogenesis of liver damage and cholestasis following surgery. An experimental study showed that low-grade portal and systemic endotoxemia in rats, induced by bacterial overgrowth and/or chemical colitis, was not able to induce hepatobiliary alterations. 25 Modest but persistent endotoxemia was observed in the patients undergoing gastric cancer operation. The gastrointestinal tract acts as a reservoir of endotoxin. In the normal human gut, outer membrane fragments are constantly shed from these microorganisms during replication and endotoxin are present in large quantities without obvious harmful effects. It is assumed that 1 g of feces contains 1.0 -10 mg of endotoxin, which can enter the circulation by translocation 26 and the size of the free endotoxin pool seems to be not the key limiting factor in the mechanism that control circulating endotoxin. 27 Hence, translocation of endotoxin in minute amounts could be a physiological phenomenon to boost the reticuloendothelial system. 28 In fact, low-grade endotoxemia has been observed in preoperative patients or healthy volunteers, 2, 4, 8 which are keeping with results of the present study. Endotoxemia peaked during surgery at approximately 4 times as high as preoperative values and decreased to almost normal levels after 24 hours. An increased translocation of endotoxin during or shortly after the operation has been documented in the previous studies. 2, 4, 7, 8 Surgery induces a 28 This depression may be related to an increase in circulating endotoxin concentrations during surgery. A significant correlation was observed between intraoperative endotoxin concentrations of the systemic circulation and a rise of serum AAT levels after surgery. ␣-1-antitrypsin is a positive acute-phase protein and plays an important role in the body defense against respiratory tract infection. 3, 29 The relationship between intraoperative endotoxin levels and subsequent rise in AAT concentrations suggest that increased translocation of endotoxin during surgery is involved in an acute-phase protein response. However, neither systemic nor portal blood levels of endotoxin during surgery correlated with postoperative concentrations of CRP and IL-6. These findings are in keeping with the results of 2 recent studies showing no relation between the extent of the plasma endotoxin concentrations and the subsequent release of CRP and IL-6. 2, 8 One of these studies, however, revealed the correlation of intraoperative endotoxin levels and the concentrations of AAT on day 3, 5, and 7 after surgery. 2 It has been shown that only 1 stimulus by endotoxin induces the various host responses in humans. 30 Hence, enhanced translocation of endotoxin during surgery seems a physiological phenomenon to induce a synthesis of some of acute-phase proteins, but the acute-phase reaction is not solely due to translocational endotoxemia. Although we did not find any correlation between endotoxin response and patient age, preoperative albumin concentration, and other preoperative conditions, it would be important to know whether the endotoxin response is different in high-risk versus low-risk patients in a large series. No significant difference was found in concentrations of endotoxin between peripheral and portal blood. This contrasts markedly with the findings seen in the patients with cirrhosis who underwent shunt surgery, in which there was a significant portal to peripheral venous gradient. 5 Although there is considerable evidence from animal studies that endotoxin is absorbed from the intestine, enters the portal circulation, and is taken up and detoxified by the hepatic reticuloendothelial system, little work has been performed in humans. 5, 28 Similar endotoxin concentrations in the portal and systemic circulation may be explained by a decrease in the Kupffer cells function shortly after the surgical insult. 28 Another explanation is that gut derived endotoxin may enter the systemic circulation after translocation across the bowel wall into the peritoneal cavity and/or via the mesenteric lymph node into the thoracic duct. 28, 31 In conclusion, enhanced translocation of endotoxin during abdominal surgery was at least in part related to a synthesis of acute-phase proteins and did not correlate with postoperative intrahepatic cholestasis or ATIII deficiency. Taking these results 1 step further forward, it is possible that modest endotoxemia induced by abdominal surgery is neither pathologic nor incidental, and this is a physiological phenomenon.
